
CHARACTERIZATION AND DEPOSIT FORMING-TENDENCY OF POLAR COMPOUNDS 
IN CRACKED COMPONENTS OF GASOLINE. IDENTIFICATION OF OXIDIZED SULFUR 

COMPOUNDS. 

Pcdro Martin. Lola Dc Lima and Anibal Rajas. 
Cenm de Investigacibn y Apoyo Tccnologico INTEVEP SA, Filial de PDVSA. Aparlado 76343, 

Caracas 1070A, VENEZUELA. 
*Escuela de Quimica, Facultad dc Cicncias. Univcrsidad Ccnual dc Vcnczucla. Aparwdo 47102. 

Los Chaguaramos. Caracs. VENEZUELA. 

Keywords: FCC composition, ISD Dcposit formation, Oxidizcd bcnzolhiophcncs 

ABSTRACT 

In order to evaluate thc dcposit forming-tcndcncy of polar compounds in gasoline, one FCC component from a 
Venezuelan refinery was studied. Thc polar compounds wcrc scparatcd by column chromatography on alumina, using 
hexane, benzene. ethyl accwte and mclhanol as clucnts, ant1 thcir dcposit forming-tcndcncics werc determined by ISD 
apparatus. The ethyl ncewtc and mclhanol fractions showed high tcndcncics to form deposits. Idcntification of the 
different components of these fractions was intcndcd by spectroscopic mcthods (IR, I H  and 13C-NMR and GC-MS) 
in subfractions obwincd by further column nnd thin Iaycr chromatogfiiphics. Thc main componcnts were identified as 
mono- and dimethyl 2.3-dihydrobcnzothiophcnc-S.S-tlioxidcs in thc cthyl iiccliitc lraction, and mono- and dimethyl 
benzohiophene-S-oxides in the mcthanol fraction. This is thc first rcpori on thc prcscncc 01' this type of compound in 
gasoline components. and on their rolc us (lcposit-forming promoter. 

INTRODUCTION 

The role o f  oxidized compounds in dcposil formation in thc induction system of gasolinc engines has becn reponed. 
This type of compounds have a natural affinity for inelill surlaccs and ntiy rciict vigorously on the surface forming 
high deposil levels. Taniguchi (I) Ibund tbat polar materials arc iinplicatcd in Port Fuel Injector (PFI) deposit 
formation. Laboratory test showed that dcposit lormution was rcducctl whcn polar compounds wcrc removed from 
unstable gasolines (2). Alcohol and catalytic cracked componcnts in thc I'ucl havc hccn found to incrcasc inlet valvc 
deposils (3). The thermal dcscomposilion of oxidi/.cd polar compountls, such as kctoncs. alcohols, carboxylic acids 
and others. conwined in the fuel or formcd hy oxidiition o l  lucl olcfins incrcascd of ihc ISD dcposit formation (4). 

This study reports the caractcrization of two sulfur-rich iintl high polar fractions ohwined by adsorption 
chromatography a cracked gasolinc componcnt and thcir contributions to dcposit formation, 

EXPERIMENTAL 

Seoaratlon 

The cracked gasoline componcnt FCC-I was suhjwtcd to wid-hiisc cxtriiction and adsorption chromatognphy on a 
column packed with neutral aluminum oxidc, according to a prcviously dcscribcd proccdurc (5). The material retained 
on the column was eluted with onc gallon cach of thc following solvents: hcxnnc. bcnzcnc. ethyl acewte and 
methanol. These fractions were evaporalctl undcr rcduccd prcssurc (TcSO°C) undcr an incrt atmosphere. - 

The carbon-I3 and hydrogen-1 NMR spctra wcre rccordcd with a Bruckcr MSL-300 or an ACP-4OO spectrometer 
at r w m  temperature. using CDC13 as Solvcnl and TMS iui inlcrnill suindard. Samples wcrc conwined in 5 mm i.d. nmr 
cells. 

The mass spectra of the ethyl acctalc fraction was ohuincd with a Hcwlctt Packard 5995A GC/MS apparatus. 
equipped with a 60 m x 0.32 mm i.d. (0.25 pm film) DB-I  Mcgiihorc column. programmed from 5 0 - 2 W C  at 
5oC/min, using helium as carrier gas. The GC/MS of thc mclh;lnol fraction was obuincd wiih a Ruska Laboratories 
apparatus. equippcd with a 30 m x 0.32 mm i.tl (0.2s pm film) DB-S column with thc samc tcmpcrature program. 

Infrared spectra were rccordcd with a Pcrkin-Elmer modcl 1710. Thc samples were preparcd as thin films on NaCl 
plates. 

Tolal nitrogen and sulfur conlcnl wcrc dclcnnincd by chcmiluniuncsccncc and x-ray (ASTM D-2622) methods. 
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The subfraction R-I-D was analyzed by GC using a Hewlett Packard 5890A appantus equiped with a sulfur- 
selective chemiluminescence detector (Sievers 3508) . under similar chromatographic conditions as those uscd for the 
GCMS analyses. 

In order to evaluate the deposibforming tendency of the isolated fractions. loo0 ppm solutions Of each fpclion in 
the original FCC-1 sample were tested in an Induction System Deposit (ISD) apparatus (6). This apparaus simulates 
intake valve deposit formation. Fuels with a high deposit-rorming tendency produce > 2 mgf100ml fuel. 

RESULTS AND DISCUSSION 

The elemenlal analyses of the ethyl acetate fraction showed a high level of sulfur (2.9%) and a low level of nitrogen 
(0.2%). The ISD evaluation showed a high deposit-lorming tendency (2.8 m g / I @ h l ) .  

The IR specuum of this fraction showed bands at  36(x)-3400,2900-2800. 1750-1650 y II50-lO50 cm-l. assignable 
to 0-Hst .  C-Hst (alifatic). C=Osl y C-Ost, respectively. 

The IH-NMR spectrum showed strong signals at 8-7 ppm (A<-H). 2-2.6 ppm (Ar-CH3 and/or H of saturate cycles) 
and 1.5-0.8 ppm -(CH2)- und lower intensity signals at 5-6 ppm =C-H. 3-35 ppm -CH-X (X=O or N or S=O) and/or 

The 'k-NMR showed very different kind of signals. The more imponant were located a1 120-142 ppm (ArC and/or 
=C-H). 200-210 ppm (R-C=O, R-0-C=O and/or H-C=O). 172-170 ppm (HO-C=O). 62-64 ppm (HO-CHy and/or R- 
0-CHz-). 50-55 ppm (-CHz-C=O in saturated cyclcs. -O-CH3 or -CHrS=OX ), 40-48ppm ( -CHr  y -CH saturates 
cycles) and 10-30ppm (-(CHZ)~- and/or Ar-CH3). 

This fraction was subjecied to adsortion chromatographic on a column packed with silica gel. The material retained 
on the column was eluted with mixtures of benzene, benzene-chloroform and clomform-methanol. obtaining three 
fractions: R-I-A (7.74). R-I-B (17.8%) and R-I-D(74.5%). 

The subfractions R-I-A and R-1-6 were identified as mixture of dimethylnaphlalenes and phtalic acid derivatives, 
respectively. 

Thecarbon-I3 NMR spectrum (Fig.1) of the major Inciion R-I-D showed strong signals in the 50-53 ppm zone, 
assignable to -CHrC=O of saturated c ~ c l c s ,  -O-CH3 or -CHn-S=O, (n=1,2 and x=1,2). A DEPT experiment showed 
that these signals corresponded to -CH2- gmups. The GC analysis of this subfraction with a sulfur-selective dewlo r  
showed the presence of sulfur compounds. 

A detailed study of thc carbon-I3 NMR chcmical shill daw 01' this subfraction indicated the presence of 2,3- 
dihidroknzothiophenc, S.S-dioxide (7): 

-CHrC=O. 

CARIIOS Y' ODSERV6D REI'OHTED 

4 I(ppm) &(ppm) 

The GCMS chromatogram (Fig.2) showcd ten strong signals. Only one of these peaks was identified as 2.3- 
dihidrobenzothiophene, S,S-dioxide ( d e  16X) omording to the NlST Library mass spcctral dala ( No 12353) and in 
agreement with our 13C-NMR results. The M+ o f  the othcr signals: 182 (16R+14) and I96 (lhX+14+14) suggesled the 
presence of methyl- and dimethyl- 2.3-dihidrobcnzothiophenc. S.S-dioxide. Figures 3 and 4 show probable 
fragmentation ways of thcse compounds. Otbcr compounds were idcntilied as methyl and dimethyl indanones, present 
in minor concentrations, 

The elemental analyses of the mcihnnol fraction showcd the highest level of sulfur (3.5%) of all the obtained 
fractions and a low levcl of nitrogen (0,2%). The ISD evaluation showed also the highest deposit-forming tendency 
(6.1 mglI00ml). 

The IR spectrum of mclhonol fraction showcd bands ai 3600-34(W). 29X0-2XH0,1750-1650 and 1150-1050 cm-l 
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a~~ignable to 0-Hst. C-Hst (aliPatic). C=Ost and C-Os1 or S=Ost. rcspcctivcly. 
The hydrogen-l NMR spectrum showcd strong signiils at X-7 ppm (Arc-H). 2-2,6 ppm (Ar-CH3 andlor H of 

saturated cycles) and 1.X-1.0 ppm (-(CHZ)~.)-. Bnd Iowcr intcnsity signals at 5-6 ppm (=C-H) and 3-4 ppm (-CH-X 
X=O or N or S=O andlor -CHrC=O). 

The carbon-13 NMR spccuum showcd many diffcrcnt types ofsignals. Thc morc imporwnt were located at 115-158 
ppm (A& and/or -C=C-H). 200-210 ppm (R-C=O), 173.6 ppm (HO-C=O or RO-C=O), 76-64 ppm (-CH-OH), 50-53 
ppm (-CHrC=O in saturated cycles and/or 0-CH3 ),and 12.7-209 ppm (-CH2- and/or Ar-CH3). 

This fraction was subjwtcd to adsorption chromatography on a column packed with sili$ gel. The material rclaincd 
on the column was eluted with mixtures of clorophorm-mcthanol. ohwincd one major fraktion R-2-B (73.3%). 

The IR spectrum of this fraction showcd a strong hiind locatcd ;it IONI-lO20 cm-l auributc to S=Ost in sulfones. A 
detailed study of the carbon-13 NMR chcinical shirt dala of this suhfraction indicated thc prcscnce of 1- and 2-methyl 
knzothiophene. S-oxide and 1.2-dimcthyl hcnzothiophcnc, S-oxitlc (Tablc I). 
The GCNS analysis indicated 1- and 2-mcthyl hcnzothiophcnc, S-oxidc (mlc 164) , confirming the previous carbon- 

13 NMR assignments (8). The M+ OC thc oihcrs signals: 17'8 (164+14) suggcslcd the presence of dimethyl 
benzothiophene, S-oxidc. Fig. 5 show probnblc frilgmcnration ways for 1hc.s compounds. Othcr compounds, present 
in minor concentrations. wcrc identificd as hcnzothiophcnc. ncthyl- and dimethyl-benxothiophcncs. 

To our knowledge. this is thc first rcport dcinonstrating thc prescncc of this type of compounds in gasoline 
fractions, and revealing the imporwncc as promotcr in thc form:ition of dcposit.. 

ACKNOWLEDGEMENT 

The aulhors thank the Internal Markct C0i)rdin:ilion of Pcircilcos dc Vcnczucla, S.A. (PDVSA) for financial support, 
Julio Medina and Ursula Ehrmann 01'Analusis and Evalu:itlon Scction,of INTEVEP for rhc GCIMS spectra, Cuillcrmo 
Rodriguez. h a d  of thc Fucls Section 01' INTEVEP Ibr his support iiiitl commcnts on this work. 

REFERENCES 

1.- Taniguchi B., Pcyla R.. Parsons G.. Htxkmiin S. iind Voss D.:"lnjcctor Dcposits-Thc Tip of lnwke System Deposit 
P r o b l e m s . " , ~  NoX61534.19X6. 

2.- K im C.. Tseregounis S .  and Scruggs B.;"Dcposit Formation on a Mctiil Surfacc in Oxidiscd gasolines.", SAE Paw[ 
NO872112,19R7. 
3.- Bitting W.. Gschwendtncr F., Kohlcpp W.. Kothc M.. Tcstvoct C. and Ziwica K.: "lntakc Valve Deposit-Fuel 
Detergency rcquiremcnls rcvisitcd.". SAE piipcr No X72117. 19x7. 

4.- Manin P.. Mc.Carty. F. and Buswmiintc D.; "Mechanism 01' Deposit Formation: Dcposit Tendency of Crakcd 
Components by Boiling Range.". SAE Papcr N09?2217, 1992. 

5.- Martin, P.. Mc.Carty. F.. Ehrmann. U.. Dc Lima. L. and Rojas A.:"Charactcrizntion and Dcposit-Forming 
Tendency or Polar Compounds in Crackctl Componcnls 01' Gasolinc. Ccncral Schcmc and Identification of Basic 
Fractions.", 

6.- Dimitroff E. and Johnswn A.: "A Bcnch Tcchniquc for Evaluating thc Induction Systcm Deposit Tendcncies of 
Motor Gasolines.". Sac Papcr No 6607x3, I9M. 

7.- Genete P., Olive J., Ung S..  Rgh i  M.. E&stoii J.. Bcicrhcck H. and Saundcrs J.;"Carbon-l3 Nuclcar Magnetic 
Resonance Study of Bcnzothiophcncs iind Bcnzothiophcnc S-Oxidcs and S.S-Dioxidcs.". , W 6 ) .  
2887-2892, 1979. 

8.- Genete P., Grimaud J., Olive L. ml Ung N.:"Oxidation cn Sulli)xydcs dc Bcnzothiophcnes monosubstitues.", 

' I ., 1993,in prcss. . .  

dc Frans,, (M), 255-276. IY77. 
. . .  

183 



Table I .  Carbon-13 NMR chemical shifts of subfracdonsR-2-B fraaion (Observed vs. Reponed(7) values). 

Fig.1 Carbon-13 NMR speclrum of fraction R-I-D. 
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Fig.2 GCNS chromatogram of fraction R-1-D 
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Fig.3 Probable mass fragmentation of melhyl-2,3-dihidrobenzolhiophene. S,S-dioxide. 
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Fig4 Probable mass fragmentation of dimethyl-2,3-dihidrobenzothiophene. S.S-dioxide. 
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Fig5 Probable mass fragmentation of methyl benzothiophene. S-oxide. 
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